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Renewable Energy Technologies       
Photovoltaics

Daylighting

Biomass 
Heat/Power

Concentrating Solar 
Heat/Power

Solar Vent Air Preheat

Solar Water HeatingWind Power
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Best Mix of Renewable Energy 
Technologies Depends on:

• Renewable Energy Resources
• Technology Characterization

– Cost ($/kW installed, O&M Cost)
– Performance (efficiency)

• Prevailing Utility Rates
• State, Utility and Federal Incentives
• Economic Parameters

– Discount rates
– Fuel Escalation Rates
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Example of NREL GIS Data 
Wind Energy in vicinity of Fairfield CA 
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Dispatch Algorithm: 
How RE technologies work together
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Optimization Problem
Determine the least cost
combination of renewable
energy technologies for a
facility

Objective: Minimize Life Cycle 
Cost ($)

Variables: Size of Each 
Technology (kW of PV, kW of 
wind, etc)

Constraints: such as 15% of 
energy from renewables
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Optimization Procedure

Utility Data from Platts Inc.

Geographical Information System (GIS) Data

Incentive Data from DSIREUSA.ORG

PV SVPWind DaylightingSWH CSP Biomass

Dispatch AlgorithmDispatch Algorithm

Life Cycle CostLife Cycle Cost

City Cost Adjustments from RS Means & Co.

OptimizationOptimization
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Example: Frito Lay North America 
Minimum Life Cycle Cost (Net Zero constraint)
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Example: Frito Lay Optimization 
for Seven Manufacturing Plants 

Constraint: Net Zero

Photovoltaics 
Size (kW)

Wind 
Capacity 
(kW)

Solar Vent 
Preheat 
Area (ft2)

Solar 
Thermal 
Area (ft2)

Biomass 
Boiler Size 
(M Btu/h)

Biomass 
Cogeneration 
Size (kW)

Daylighting 
Office Utility 
Skylight/Floor 
Area Ratio

Daylighting 
Warehouse 
Skylight/Floor 
Area Ratio

Plant #1 200 491 5456 509196 19 1669 2.2% 2.1%
Plant #2 0 6187 8953 391987 87 3097 3.8% 2.0%
Plant #3 0 3107 13098 469621 44 3180 4.9% 3.6%
Plant #4 1011 1000 10213 1360535 78 4108 3.4% 1.8%
Plant #5 1003 998 10327 704140 44 3327 6.1% 3.4%
Plant #6 0 0 10322 1529609 74 6020 err err
Plant #7 0 3699 10802 673761 43 2193 3.3% 3.7%
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REO Example: Minimize Life Cycle Cost 
US Navy San Nicolas Island CA
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REO Example: Net Zero Zoo 
National Zoological Park (NZP) and Conservation Research Center 

(CRC), Washington DC
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USCG Facility 
Diamond Head, HI 
with incentives

Initial Cost for Renewable Energy Projects ($) $90,868
Annual Electric Savings (kWh/year) 39,074
Annual Cost Savings ($/year) $5,972
Simple Payback Period (years) 15.2
Rate of Return 7.0%
Percent Renewables 100%
Sizes of Each Technology:
Photovoltaics (kW) 14.6
Wind Energy (kW) 2.4
Solar Water Heating (sf) 137.8
Skylight Area (sf) 272.4
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